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Cockroaches have long been looked upon with some suspicion as possible
carriers of disease and are certainly regarded with much disgust by every-
body. If the house fly is such a potent transmitter of infection, why not
the cockroach, at least to a large degree? While the house fly is active in
the day time, walking upon prepared human food, depositing thereon its
load of bacteria, the cockroach is actively engaged, under cover of night,
in a similar performrance. The two insects by analogy must relate to the
transmission of bacteria in a similar manner, i. e., must collect bacteria
upon their feet and mouthparts by crawling upon and feeding on filth
which may be charged with bacteria and depositing these, while in the act
of feeding, upon human food.
The cockroach has biting mouth parts like the grasshopper, hence could

not relate to the transmission of disease by direct inoculation as does the
stable fly for example, which has piercing mouthparts. If the structure
of the cockroach is such that it can pick up bacteria easily, and if it can be
shown that the cockroach invades places where contaminating material,
for example sputum or excrement is found, then a chain of strong circum-
stantial evidence could be woven that the roach may be a factor in the dis-
semination of such diseases as tuberculosis, dysentery and probably typhoid
fever. The food habits of the roach are certainly such that there is ample
opportunity for the contamination of the food of man.
An investigation of this problem was made, partly in the field, and a

series of experiments conducted to this end during the autumn of 1912 in
the Parasitology Laboratory of the University of California under the
direction of the senior author.

Structural. Comparing the feet and mouthparts of the house fly and
the croton bug it will be seen at once that the latter is far less adapted to
the collection of filth, inasmuch as the feet, especially, are not so well
provided with spines and hairs as are the feet of the house fly. However,
the weight of the insect and surface in actual contact with infective material
partly compensate for the above structural deficiency.

*This paper was completed before the writers were aware of the work done and published by Longfellow
in the American Journal of Public Health, Vol. III, No. 1.
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Can the roach pick up specific bacteria? In order to answer this question
one of these insects was allowed to crawl over a culture of Bacillus pyocy-
aneus a green chromogen, in a test tube. The growth on the agar in this
tube was not very profuse. The insect was next transferred to a sterile
agar plate upon which it was permitted to walk one minute. The roach was
then liberated and transferred to a second plate for one minute, and
then to a third plate in a similar manner. The agar plates were then
incubated for twenty-four hours at a temperature of 370/C. At the end
of this time a good growth of the green chromogen, Bacillus pyocyaneus,
had developed on all three plates.
* This experiment goes to prove that the legs of the roach are constructed
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Fig. 1. Showing life history of the croton bug (Ectobia germanica). (a) Egg case or
oothecum; (b) and (c) young stages; (d) nearly full grown roach; (e) mature female with
egg case partly protruding from abdomen.

so as to enable it to pick up bacteria of a given kind and enough to heavily
inoculate three plates.
Can the roach carry spectfic bacteria to human food? Having determined

that the roach can pick up known bacteria, the next thing was to prove
that it could deposit these same organizms on human food. In order to do
this one gram of sugar was exposed to a cockroach that had previously
walked just once over a culture of Bacillus pyocyaneous, the same chromo-
gen used above, on an agar slant. The insect remained with the sugar,
feeding upon it, for three minutes. The sugar was then dissolved in 5 cc.
of sterile water and plated on three agar plates, using 1 cc. of the solution
for each. The plates were incubated for twenty-four hours at 37°/C.
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Bacillus pyocyaneus was recovered on all three plates, the growth on none
being scanty. The recovery of the test culture in the sugar solution showed
that the contaminated cockroach could in turn contaminate the food over
which it crawled and upon which it fed.

The bacterial population of the croton bug. Six individuals were taken
from a collection of roaches taken from various localities and permitted to

TABLE I.

SHOWING NUMBER AND KiND OF BACTERIA CARRIED ON INDIVIDUALS OF THE CROTON BUG.

No. of Part of the Roach Bacterial
the Plated. Count per ec. Kind of Bacilli Present.

Roach.

1 Posterior 1200+ (a) Staphylococcus albus.
pair of legs (b) Non-spore bearing bacillus.

25 Posterior 1600+ (a) Staphylococcus albus.
pair of legs (b) Non-spore bearing bacillus.

1 Remaining 950 (a) Staphylococcus albus.
legs (b) Small non-spore bearing bacillus.

(c) Spore bearing air bacillus.

29 Remaining 1200 (a) Spore bearing air bacillus.
legs (b) Staphylococcus albus.

1+2 Antennae 384 (a) Spore bearing air bacillus.
(b) Staphylococcus aureus. Yellow pigment.

1 Stomach 14 (a) Minute bacilli (unidentified).
contents

Total 5348 for a dilution of 1/5.

5 x 5348 + 2 = 13370 bacteria, minimum number present on each roach.

crawl for one minute over six sterile agar plates (one roach for each plate).
These plates were incubated for forty-eight hours at 390/C. Each plate
showed a good growth, the colonies on examination proving to be sapro-
phytic bacilli without exception.
To secure an approximate estimate of the number and kind of bacteria

carried by roaches two of these insects were treated as follows: After
sterilizing pipettes, forceps, tubes, etc., 5 cc. of distilled water was placed
in each of the five test tubes. Into these tubes were placed the legs
and antennae of the roaches,-the posterior pair of legs of one roach into one
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tube, those of the other roach into a second tube, the antennae of
both roaches in a third and the remaining pairs of legs of the first roach in
the fourth and the remaining pair of legs of the other roach in the fifth
tube. The stomach contents were plated on agar. The tubes were shaken
vigorously for three minutes in order to wash the parts well and then 1 cc.
of the water in each tube was plated on agar and incubated twenty-four
hours at 370 C. The results were all positive as the accompanying table
(P. 931) indicates.
From the preceding table it will be seen that each roach carried on its feet

and antennae and in its stomach a minimum of 13,370 bacteria. While this
does not represent a fair estimate for all roaches, since only two individuals
were used, we are here shown that the roach can carry a large number of
bacteria along with it. Esten and Mason (Storrs Agric. Exp. Sta. Bull.,
No. 51) have shown that the number of bcateria carried by a fly range all
the way from 550 to 6,600,000, with an average of one and one fourth mil-
*lion bacteria on each. Thus by comparison it may be seen that the roach
carries fewer bacteria on the average.

It is furthermore interesting to note that there were more bacteria on the
single pair of posterior legs than on the remaining two pairs combined.
This is probably explained by the use the cockroach makes of its hinder
pair of legs. The tibiae and tarsi are in contact with the surface on which
the insect walks, being parallel with the body. Very often the insect
stands on the hind pair of legs, with the remaining legs barely touching the
surface. On the other hand, the remaining legs are frequently brushed
by the antennie.

Environmental. The last link in the chain of evidence against the cock-
roach is its normal environment, giving the insect an opportunity to con-
taminate itself with pathogenic organisms. Such an environment would
be an accessible unsanitary privy close to the kitchen or pantry, in which
case there is at least the possibility of the transference to the food of man
of the causative organisms (bacillary) of dysentery and diarrhoea, and still
more remotely of typhoid fever.

Conditions favoring the transmission of the tuberculosis bacillus are
relatively more common. Two instances may be cited. These existed in
the forecastle of two vessels. On these two particular vessels there were
no separate mess rooms provided for the sailors, and their food was served
in the same room in which they slept. The bread, butter and sugar were
standing exposed, and cockroaches were to be seen on the floors, walls,
and on both the bread and sugar. These sailors were in the practice of
constantly spitting on the floor. If one or more of these sailors should
be tubercular there is at least the possibility here of transmission by the
roach to the foo3. A third instance may be mentioned of a certain resi-
dence in which the croton bug was abundant and in this house there also
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lived a consumptive in the last stages of the disease. This patient did not
use sputum cups, and although belonging to a refined family had the perni-
cious habit of spitting in the darker corners of the room and behind pieces
of furniture. In this house lived a half-dozen students who also took their
meals here. Roaches were commonly seen in the room in which the patient
lived and roaches swarmed in the pantry and kitchen at night. Surely
here existed a condition that favored the transmission of tubercle bacilli.
Unfortunately the reputation of this house in one of the more select dis-
tricts of the city was of more importance than the lives of the inmates of
the house.

Life history and habits of the croton bug. The croton bug is nocturnal
in habit, but may be seen roaming about during the day, although their
activity is limited. Generally the roaches collect in huddled groups during
the day and remain inactive. Their main requirements for activity are
first a fairly high temperature, secondly, darkness, and lastly, a supply of
food. Roaches are ordinarily encountered in kitchens, galleys, restaurants,
bakeries, etc. These insects are omniverous in food habit, favoring starchy
and sweet materials; they may also feed on excrement and will readily
devour their dead brethren and cast-off skins.
The eggs of the roach are laid in pairs (13 pairs usually) in an egg case

or oothecum (Fig. 1) which, when filled, protrudes from the abdomen of
the female. The females may evidently carry these cases about with
them two months or more when they are finally deposited in some dark
crevice and the young roaches and nymphs hatch out in twelve days more
or less. The young roaches are at first almost white and transparent but
soon become brownish and resemble the adults except in size and for the
absence of wings. The young roaches moult their skin soon after emer-
gence from the egg case, and moult a second time in about four weeks.
There are apparently about six moults before the roaches are mature and
certainly a year or more is required before this is accomplished.

Suggestions for control. Trapping methods are least successful in the
control of the croton bug; it is certainly far more wary than' the larger
species. The ordinary glass jar trap method employed for the large species
is not effective. The croton bug can crawl up the sides of a glass jar with-
out difficulty and thus make its escape as well as its entrance. A dark
box tiap is preferable with one or more tubular paste-board entrances
projecting both inside and outside. The mouth of the tube inside the box
must be guarded either with a simple trap door or adhesive substance
around the outside of the tube and immediately adjacent to the mouth to
prevent the roaches from escaping after feeding on the bait. The box may
be baited with sugar, sweet chocolate, a little stale beer or the like.
An excellent roach poison can be made by mixing powdered sugar (or

sweet chocolate) and borax equal parts. The two ingredients must be
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thoroughly well mixed. This material is then placed in little heaps or in
vessels accessible to the roaches. Another method of considerable value-
advanced by several observers is the following: mix thoroughly plaster of
Paris one part, and flour three parts, place this mixture in a saucer with a
little water readily available. The roaches eat the flour-plaster-Paris mix-
ture for the sake of the flour, drink the water and soon die from the effect
of the plaster of Paris caking in the stomach.

SUMMARY.

1. The croton bug, Ectobia germanica, feeds by preference upon the
food of man.

2. The croton bug is commonly found in situations where infective spu-
tum or excrement exists.

3. The croton bug is structurally equipped to collect filth and bacteria
upon its appendages, though this equipment is not as effective as in the
house fly.

4. The croton bug has the ability to pick up specific bacteria on its feet
and mouthparts and deposit these on human food, e. g., sugar.

5. The bacterial population of a single croton bug was found to be a
minimum of 13,370 bacteria.

6. The croton bug carries more bacteria upon its hind pair of legs than
on its middle and fore legs combined.

7. The croton bug is normally nocturnal in habit though it may be active
during the day, and are more or less omniverous in food habit.

*8. The eggs of the roach are laid in pairs (13 pairs usually) in an egg case
which is carried for several months by the female.

9. The young roaches require evidently not less than one year to mature
and probably more.

10. The usual trapping methods are not very effective in the control of
the croton bug. Sweet mixtures containing borax or flour and plaster of
Paris with water available are recommended as good remedies.

Berkeley, California, December 10, 1912.
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